(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 187 888 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
10.11.2004 Bulletin 2004/46 

(21) Application number: 00932553.1 

(22) Date of filing: 17.05.2000 



(51) Intel/: C09J 4/06, C09D 4/06, 
C08F 283/10 

(86) International application number: 
PCT/US2000/013617 

(87) International publication number: 

WO 2000/071 632 (30.1 1 .2000 Gazette 2000/48) 



(54) BONDED STRUCTURE 

GEFERTIGTE VERBUNDENE STRUKTUR 
STRUCTURE COLLEE 



CO 
oo 

00 
00 

00 



Q. 
LU 



(84) Designated Contracting States: 
AT DE FR GB IT 

(30) Priority: 20.05.1999 JP 14020499 

(43) Date of publication of application: 
20.03.2002 Bulletin 2002/12 

(73) Proprietor: 3M Innovative Properties Company 
St. Paul, MN 55133-3427 (US) 

(72) Inventors: 

• Kitano, Shuichi 
Sagamihara-city, Kanagawa 229-0039 (JP) 



• tmai, Koji 
Kanagawa 26-0024 (JP) 

(74) Representative: 

Meyers, Hans-Wilhelm, Dr.Dipl.-Chem. et al 

Patentanwalte 

von Kreisler-Selting-Werner 

Postfach 10 22 41 

50462 Koln (DE) 



(56) References cited: 
WO-A-95/13328 
WO-A-98/21287 



WO-A-96/32453 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 187 888 B1 



Description 

Field of the Invention 

5 [0001] The present invention relates to adhesive/sealant compositions, and more particularly to an adhesive/sealant 
composition used for sealing a joint, a step, a bond portion, a seam portion, a crack portion or other portions (hereinafter 
these portions being referred to as "discontinuous portions") of vehicles, for example, and a bonded structure in which 
the adhesive/sealant composition is used. 

to Background of the Invention 

[0002] Vehicles such as automobiles and trucks have discontinuous joints formed by overlapping metal panels. The 
discontinuous joints are usually sealed with a sealant. One example of a common non-planar overlapping type joint is 
represented by a roof ditch formed in the front and back direction of a vehicle by bending the edges of the roof panel 
15 and side panels thereof and overlapping the bent portions. The roof ditch has a U-shaped channel, which also plays 
the role of collecting and discharging water, etc. 

[0003] The sealant is supplied as a liquid or paste material in response to the requirement of execution of works. 
For example, in the automobile industry, a joint is usually sealed with a liquid plastisol. However, when the sealant is 
in a liquid state, there are areas in the roof ditch where the slope of the ditch makes it difficult to apply a liquid. Addi- 
20 tionally, pastes need to be spread in the ditch by the operator and requires a certain level of skill to produce a seal that 
is aesthetically pleasing as well as functional. Accordingly, a sealant showing tackiness, having a definite shape and 
being molded in, for example, a sheet-like form must be used in some cases. 

[0004] A heat-fusible and flowable adhesive tape has been used as a molded sealant. Adhesive compositions for 
such a tape are disclosed in, for example, U.S. Patent No. 5,086,088, National Unexamined Patent Publication (Kohyo) 

25 No. 9-505334 and European Patent No. 798,354. The adhesive compositions contain an epoxy-containing material 
capable of being thermoset and an acrylic component having a nitrogen atom within the molecule. 
[0005] However, when the acrylic component contains a nitrogen atom as explained above, the nitrogen atom gen- 
erally enhances the polarity, and as a result the sealant, namely, the adhesive composition is hydrophilic. Thus, the 
adhesive composition tends to absorb moisture. Such moisture absorption is particularly significant, for example, in 

30 the coating line of automobiles in summer when the line is subjected to high temperature and humidity. Moisture ab- 
sorption may also take place in winter as well due to dew condensation. 

[0006] When a sealant that has absorbed moisture is applied to a roof ditch, the sealant foams and expands upon 
heating due to the absorbed water. As a result, the adhesive/sealant composition may not bond sufficiently to a dis- 
continuous portion to cause lamination, or it may be lifted. Such delamination or lifting not only allows intrusion of dust, 
35 moisture and other undesirable components, but also causes a poor coating appearance and deteriorated bonding 
with an applied coating (e.g., automobile grade primer for paint). 

[0007] On the other hand, National Unexamined Patent Publication (Kohyo) No. 9-505095 discloses a sealant con- 
taining a photo-copolymer having low affinity with moisture and an epoxy-containing material capable of being ther- 
moset. For such a sealant, the photo-copolymer is selected so that the epoxy-containing material has compatibility 

40 with the photo-copolymer and so that the sealant can be applied to such an adherend having a low surface energy as 
a steel sheet having an oily surface. Therefore, a coating (e.g., a primer, paint, etc.) applied to the sealant adheres to 
the sealant only with insufficient strength. In extreme cases, such a sealant may repel the coating. 
[0008] WO 98/21 287 relates to thermosettable adhesive and photopolymerizable precursor of a pressure-sensitive 
therrnosettabie adhesive which are useful for bonding plastic substrates to other substrates. 

45 [0009] WO 96/32453 relates to a method for imparting topographical or protective features to a substrate by con- 
tacting a sheet material comprising a thermosettable layer with a substrate and heating the sheet material. 

Summary of the Invention 

50 [001 0] The adhesive/sealant composition of the present invention can have a desired appearance upon being coated 
(e.g., painted) and can have solvent resistance while effectively sealing a discontinuous portion with reduced moisture 
absorption. 

[001 1] In addition, the adhesive/sealant composition of the present invention can resist absorbing water upon expo- 
sure to high humidity before thermoset curing and thus can provide a smooth surface appearance and effective seal 
55 after curing. 

[0012] In one aspect of the present invention, an adhesive/sealant composition having at least one of adhesive and 
sealing properties is provided. The adhesive/sealant composition comprises a radiation polymerizable vinyl material 
containing a vinyl type monomer which can exhibit a solubility parameter of 10 to 12 (cal/cm 3 ) 0 - 5 , when the monomer 
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is polymerized to a homopolymer, a polymerization initiator for radiation polymerizing the vinyl material, a thermosetting 
epoxy-containing material and a heat-activatable hardener for the e poxy-containing material. 
[0013] Preferably the radiation-polymerizable vinyl material contains a vinyl type monomer capable of exhibiting a 
solubility parameter of 10 to 12 (cal/cm 3 ) 0 - 5 , when the vinyl type monomer is polymerized to a homopolymer. 
5 [0014] In another aspect, the present invention relates to a bonded structure comprising an adherend having a dis- 
continuous portion, and an adhesive/sealant composition which seals the discontinuous portion of the adherend, in 
which the adhesive/sealant composition is that of the present invention. 

[0015] In still another aspect thereof, the present invention relates to a bonded structure comprising an adherend 
having a discontinuous portion, a plasticizer-containing plastisol which is applied to the discontinuous portion to seal 
10 the portion, and an adhesive/sealant composition which is at least partially provided onto the plastisol, in which the 
adhesive/sealant composition is that of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0016] 

Fig. 1 is a cross-sectional view showing a preferred embodiment of a bonded structure according to the present 
invention. 

Fig. 2 is a cross-sectional view showing another preferred embodiment of a bonded structure according to the 
20 present invention. 

Fig. 3 is a perspective developed view showing the construction of the bonded structure shown in Fig. 2. 

Fig. 4 is a cross-sectional view showing another preferred embodiment of a bonded structure according to the 

present invention. 

Fig. 5 is a perspective view showing still another preferred embodiment of a bonded structure according to the 
25 present invention. 

Fig. 6 is a perspective view showing a molded article used as a testing jig in the evaluation test in Example 8. 

Fig. 7 is a perspective view illustrating the method of bonding test on sealer conducted in Example 8. 

Fig. 8 is a perspective view illustrating the method of holding power test on sealer conducted in Example 8. 

30 Detailed Description of the Invention 

[0017] Embodiments of the present invention will be explained below in detail. Those skilled in the art will readily 
understand that the present invention is not restricted to the embodiments described below. 
[0018] The adhesive/sealant composition according to the present invention comprises the following four compo- 
35 nents: 

(1) a radiation-polymerizable vinyl material which is curable by radiation exposure; 

(2) a polymerization initiator for radiation polymerization of the vinyl material; 

(3) a thermosetting epoxy-containing material; and 

40 (4) a heat-activatable hardener for the epoxy-containing material. 

[0019] The adhesive/sealant composition of the present invention can have humidity resistance before curing. The 
radiation-polymerizable vinyl material used as the first component in the adhesive/sealant composition of the present 
invention contains a vinyl type monomer which can exhibit a solubility parameter (SP) of 10 to 12 (cal/cm 3 ) 0 - 5 , when 

45 jt becomes a homopolymer, that is, a monomer which has a vinyl group within the molecule and which can participate 
in radiation polymerization. To provide humidity resistance prior to curing, the vinyl type monomer preferably has little 
to no polar/hydrophilic groups within the monomer, including few to no nitrogen groups within the monomer. The term 
"radiation" herein is used in a broad sense, and includes various types of radiation which can cause polymerization of 
the vinyl material. Specifically, the radiation includes UV-rays and electron-beam rays. Moreover, the term "solubility 

50 parameter (SP)" is defined by the following formula: 
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wherein Ae, represents an evaporation energy of each of the atoms or functional groups forming the homopolymer 

r k? ° f e3Ch ° f ,he a, ° mS ° f funC,i0nal groups formin 9 the homopolymer. Note, details of the 
definrtion of the solub.l.ty parameter refer to Polymer Engineering and s^nr. February 1974. Vol 14 No 2 "A 
Method for Estimating Both the Solubility Parameters and Molar Volumes of Liquid." by Robert F Fedors ' 
IS f S 3 . re f Ult ° f polymerization by radia,ion ex P°sure. the vinyl material as the first component can give the 

matZ r iP r , '° n 3 d6finite Sh3Pe and ' " neCeSSary " taCkiness - That is - tne ^ -°"omer in the vinyl 

matenal can g W e the adhesive/sealant composition not only a definite shape but also tackiness. When the adhesive/ 

IZfl^ZTT d,sp k ' ays k ta ck j ness ' positionin 9 thereof «n be conducted easily for the following reasons: the 
ITS Z ? r ^ flatteni " 9 C ° ntraSt t0 ,he conventional P |a ^«ols and a joint can be covered there- 
with. In particular, the adhes,ve/sealant composition can be molded in the form of a sheet, a rope, a tape or a strip 

moZfr n,° h , ? m , adhasive/sea,ant composition in such a definite form, the homopolymer of the vinyl type 
monomer in the vinyl material preferably has a glass transition temperature (To) of -25 to 200°C 

2S2 JfT V,ny ' mat6 f al Preferab,y iS C ° ntained i0 a " am ° Unt 0f 40 10 250 Darts by wei 9 ht based on 100 parts by 
Zl 2 1 a h 30x y- < ;O ntai "' n 9 material. When the content of the vinyl material becomes less than about 40 parts by 
andtwJta t °* ve/saalant composition has difficulty holding a definite shape to be effective as a molded sealant 
weth. ?h e 2r C ° me t h .°'| the , 0,h8r hand ' Whe " the COn,ent ° f ,he vinyl material **ceeds ab °ut 250 parts by 
aSisZr I^r n ' C ° mP0Siti0n iS ^ SUffiCient ' y Cr0SSlinked ' and tha haa « — «- a " d «" a ' 
[0022] Furthermore, the vinyl type monomer capable of exhibiting a solubility parameter of 10 to 12 (cal/cm3)0 5 
when .t becomes a homopolymer must account for 50 to 100 % of the entire vinyl material. When the content of the 

rl? e » m0n ° mer fe in ran " menti ° ned ab0Ve " the Vinyl monomer ca " be mixad ■» a desirab.e ^2 
T y T T 9 material WhiCH iS 3 thifd com Ponent of the adhesive/sealant composition, as explained 
™«i^r *, TT m ' X,ng ° f *' Viny ' m ° n0mer with other components contained in the adhesive/sealant 
,h?<f° Lrt 3 ! rate thermosettin 9 of the oPoxy-containing material can be achieved. Moreover, in addition to 
llT^rT T 10 !k 12 (C3l/Cm J * 33 eXP ' ained ab0V8 ' the vinyl type m °"°™ P^ ab 'y a scZliy 
^ ^ Wei9W b6CaUSe adhesiva/sealant composition is thengiven excellent 

[0023] Preferred examples of the vinyl type monomer described above include 2-phenoxyethyl acrylate benzyl acr- 

STilde^ vuml 8 ; Ph r t y,e ?H yl aCfy,a,e ' dicyc,ope " te " yl dicyc.opente^y.oxye^hy. y ac;CandXdo 
Efii2? (^th)acrylate. These monomers may be used alone or in mixtures thereof. More preferably. 2-phe° 
noxyethyl acrylate. benzyl acrylate. phenyl acrylate. and mixtures thereof can be used as the vinyl type monomeT 
These vinyl type monomers are commercially available, for example, as "vlscoat #192™" and "Viscoat #160™" (trade 
names, produced by Osaka Organic Chemical Industry Ltd.). ( 
[0024] The excellent moisture resistance of the adhesive/sealant composition derived from the use of vinyl type 
monomers as expla.ned above makes quality control of the adhesive/sealant composition easy. Storage of the adhe^ 
ZZTtLTT* 0 :- Wi,hin 3 d6SiCCat0r " Pr6SerVa,i0n there0f With a d ^9 a 9 a "t * prevent it f?l bS^glut 
S^JS h C °" r S ^ W, "!f I" reqU ' red - MOreOVer ' for examp,e ' even when ,he adhesive/sealant compo- 
sition is left at h.gh temperature and high humidity before thermosetting of the epoxy-containing material the adhesive/ 
sealant composition does not absorb a substantial amount of moisture maienai.tne aonesive/ 

ITIn T T a " t0m0bi ' e indus,ry is referred t0 as one example for the use of the adhesive/sealant composition When 
the product,™ l.neis stopped on holidays, the adhesive/sealant composition applied to automobile parts can emato 

aSn nam T T°" ^ adhesiva/saala "< compo'sition is sometimes subject o h gh 

Z iZT P , T, 9h ambi6nt hUmiditV ° Ver 3 '° n9 period of time duri "9 the »ong summer vacation. Use of 
ZlZSSi nt H C °7 os ' ton ° f tha presa "« 'mention substantially avoids undesirable expansion of the adhesle 
and Z ?2™T J* ° abSO : pt,on of moisture when tbe P^uCion line operation is started again after a long stop 
alll ZZ T h P h m ^ adhesive/sealant composition is affixed are passed through a heating boo* and 
LESS! UndaS,rable effect is avoided for ,he fo llowing reason: the amount of mofsture absorbed by the 
SaS £1 Jhh COmpOS ' Wn ' S 30 Sma " ,h3t ,here iS V6ry ,itt,e expansion of tha composition when it is subsequently 
Z T Z ? COmp0sition of the present in va "«'on. therefore, absorbs virtually no moisture, and nS 
tains adhesion to a d.scontinuous portion such as a joint even when subjected to heat 

mZOmUlZ PraCtiCe K° f inVenti ° a a ° addi,i0nal vinyl ,ype m ° n ° mer - °«her than the ,myt type monomers 

menboned above, may be used ,n the viny. material, in combination therewith, if necessary. Although there is no spTcfe 

nt; k c ;°i examp es of : h : : iny j ,ype monomer which can be addi,ionaiiy ^ X^^^iSXSi 

an a kyl group represented by 2-ethylhexy. acrylate. butyl acrylate and ethyl acrylate. or isobornyl (meth)acSate olv 

Z£ZX,X^ (me,h,acry,a,e - e,hoxye,hyl ( ~ ate ' (meth)a - ,ic acid - 

[0027] In one embodiment of the invention in which the adhesive/sealant composition has a definite shape such as 
an eiongated strip, or it is desired that i, melt and flow at the time of heating as described above, the material 
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preferably can contain as the monomer component a monofunctional vinyl monomer having one vinyl group within the 
molecule. In an alternative embodient, when the adhesive/sealant composition is intended to have a definite shape 
over a longer period of time or when an adherend such as a roof molding clip is intended to be held high at the time 
of thermosetting of the adhesive/sealant composition, a multifunctional vinyl monomer having at least two vinyl groups 
within the molecule is preferred. Examples of such a multi-functional vinyl monomer include 1 ,4-butanediol diacrylate 
and 1,6-hexanediol diacrylate. Finally, a mixture of the two types of vinyl monomers may be used to provide a tape 
that has more flow, but maintains its shape. Usually, such a multifunctional vinyl monomer is contained preferably in 
an amount of 0 to 5 parts by weight based on 100 parts by weight of the vinyl material. 

[0028] The vinyl type monomer used in the vinyl material of the adhesive/sealant composition in the present invention 
preferably contains little to no polar/hydrophilic groups within the monomer, including nitrogen, as explained previously. 
However, the vinyl material may include a limited amount of hydrophilic/polar monomers as long as the amount of 
these monomers is small enough that it does not interfere with the humidity resistance of the adhesive/sealant com- 
position, for example, in an amount up to approximately 10%. For example, the vinyl material may include a nitrogen- 
containing vinyl type monomer such as N.N-dimethylacrylamide, N-vinylcaprolactam, N-vinylpyrrolidone, acryloylmor- 
pholine and acryionitrile to increase the compatibility of the vinyl material with the epoxy-containing material so long 
as the humidity resistance is satisfied. For example, from 0 to 10 parts by weight of the nitrogen-containing vinyl type 
monomer may be contained based on 100 parts by weight of the vinyl material. These hydrophilic/polar type monomers 
may contribute to properties such as adhesion for ED-paint, for miscellaneous plastics, bulk properties, and the like. 
[0029] The adhesive/sealant composition of the present invention contains a polymerization initiator as a second 
component for the radiation polymerization of the radiation-polymerizable vinyl material as mentioned above. The 
polymerization initiator used herein is preferably one which generates free radicals upon irradiation of radiation such 
as UV-rays. An example of a suitable polymerization initiator is 2,2-dimethoxy-1 ,2-diphenylethane-1-one which is com- 
mercially available from Ciba-Geigy (trade name of "Irgacure™ 651"). 

[0030] The adhesive/sealant composition may further contain a chain transfer agent, in addition to the polymerization 
initiator described above, to lower the molecular weight of the polymer formed by radiation polymerization of the vinyl 
material. Addition of the chain transfer agent can adjust the molecular weight of the polymer of the vinyl material and 
give the adhesive/sealant composition suitable melting and flowing properties. For example, halogenated hydrocarbons 
such as carbon tetrachloride, or sulfur compounds such as lauryl mercaptan, butyl mercaptan, ethanethiol, 2-mercap- 
toether and 3-mercaptopropionic acid can be used as the chain transfer agent. 

[0031] The thermosetting epoxy-containing material used as a third component in the adhesive/sealant composition 
of the present invention can contribute to the improvement of the final bonding properties and heat resistance thereof 
The epoxy-containing material which can be advantageously used herein is an epoxy resin containing at least one 
oxirane ring which can be polymerized by a ring opening reaction. Such an epoxy-containing material is called an 
"epoxide" in a broad sense and contains a monomeric epoxide and polymeric epoxides, and may become aliphatic, 
alicyclic or aromatic. Such an epoxy-containing material can generally contain two epoxy groups on the average, ap- 
propriately at least two epoxy groups per molecule. Such a material is specifically called a polyepoxide, and includes 
an epoxy-containing material having an epoxy functionality slightly smaller than 2.0, for example, 1.8. The average 
number of epoxy groups per molecule is defined as a number obtained by dividing the number of epoxy groups in the 
epoxy-containing material by the total number of epoxy molecules. Polymer epoxides include a linear polymer having 
epoxy end groups, (e.g., diglycidyl ether of a polyalkylene glycol) and a polymer having a skeletal oxirane unit (e.g., 
polybutadiene polyepoxide). The molecular weight of the epoxy-containing material may range from about 58 to 
100,000. Further, a mixture of various epoxy-containing materials can also be used. 

[0032] Examples of the thermosetting epoxy-containing material suitable as a third component in the practice of the 
present invention include in particular a bisphenol A type epoxy resin; a bisphenol AD type epoxy resin; a bisphenol 
F type epoxy resin; a phenol novolac type epoxy resin; a cresol novolac type epoxy resin; an alycyciic epoxy resin; a 
heterocyclic ring-containing epoxy resin such as triglycidyl isocyanate and hydantoin epoxy; aromatic or aliphatic epoxy 
resins such as a hydrogenated bisphenol A type epoxy resin, propylene glycol-diglycidyl ether copolymer and pentaer- 
ythritol-polyglycidyl ether copolymer; an epoxy resin obtained by the reaction of an alicyclic carboxylic acid and ep- 
ichiorohydrin; a spiro ring-containing epoxy resin; a glydidyl ether type epoxy resin which is a reaction product of an o 
(ortho)-allylphenol novolac compound with epichlorohydrin; and a glycidyl ether type epoxy resin which is a reaction 
product of a diallylbisphenol compound having allyl groups located at positions ortho to the hydroxyl groups of bisphenol 
A with epichlorohydrin. 

[0033] The heat-activatable hardener as a fourth component is contained in order to thermoset the thermosetting 
epoxy-containing material. The heat-activatable hardener is appropriately designed so that it is thermally activated and 
the adhesive/sealant composition is cured when the adhesive/sealant composition is subjected to a suitable heat source 
for a suitable period of time. That is, the heat-activatable hardener has potential thermosetting properties at room 
temperature, but is thermally activated only by heating, thereby controlling the thermosetting of the epoxy-containing 
material. Although appropriate heat-activatable hardeners are not restricted to the compounds mentioned below, ex- 
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amples include: 



dicyandiamide. an organic acid hydrazide, an acid anhydride, a salt of a Lewis acid or Bronsted acid, an imidazole 
a tertiary amine such as a urea derivative, and mixtures thereof. 

[0034] Described in detail, a typical example of an organic acid hydrazide used as a heat-activatable harder is adipic 
acid dihydrazide. Typical examples of an acid anhydride include phthalic anhydride, trimellitic anhydride and pyromellitic 
anhydride. Typical examples of a salt of Lewis acid or Bronsted acid include monoethylamine of boron trifluoride and 
pipendine of boron trifluoride. Typical examples of imidazoles include 2.4-diamino-6-[2'-methylimidazole-(1 , )]-ethyl-s- 
tr.az.ne, a.A-diamino-e-P'-methylimidazole-d'JJ-ethyl-s-triazine-isocyanurate, 2-phenyl-4-benzyl-5-hydroxyethylimi- 
dazole and nickel imidazole phthalate. Typical examples of a tertiary amine such as a urea derivative include 3-phenyl- 
1 .1 -dimethyl urea and 3-p-chlorophenyl-1 ,1-dimethyl urea. Of the heat-activatable hardeners mentioned above tertiary 
amines such as imidazoles and urea derivatives usually are not used alone. These compounds can be used 'in com- 
dlcyandiamide ' an or 9 anic aci ° hydrazide or an acid anhydride to function as a heat activatable hardner 
0035] Further, the adhesive/sealant composition of the present invention may also contain, additives. These addi- 
tives may include: a filler composed of powder such as calcium carbonate, silica, alumina or talc; a fine spherical filler 
such as silica; a plasticizer composed of a phthalic acid derivative; an adipic acid derivative or liquid rubber an anti- 
oxidant, a surfactant; or an antifoamer composed of polydimethylsiloxane. These additives may be useful when the 
adhesive/sealant composition of the present invention is used as a sealant. 

[0036] The adhesive/sealant composition of the present invention may further contain, if necessary, a woven fabric 
or an unwoven fabnc. These materials may be impregnated with the adhesive/sealant composition before the compo- 
sition comes to have a definite shape by radiation polymerization of the vinyl material, to enhance the cohesive force 
of the adhesive/sealant composition particularly in the longitudinal and transverse directions, and to make slitting and 
punching easy so that the workability of the adhesive/sealant composition is improved. Examples of useful woven and 
unwoven fabrics are those prepared from natural or synthetic polymer fibers such as polyester, nylon, cotton, polypro- 
pylene, cellulose acetate or acetate, or compounded material of these substances. 

[0037] As explained above, the adhesive/sealant composition according to the present invention can be used in 
combination with the adherend having a discontinuous portion to provide a bonded structure. Although the bonded 
structure of the present invention can have various embodiments, typical embodiments thereof will be illustrated with 
reference to Figs. 1 to 4. 

[0038] Figure 1 is a cross-sectional view schematically showing one embodiment of the bonded structure according 
to the present invention using the adhesive/sealant composition of the present invention. In Fig 1 two panels I and 2 
are each vertically worked to form a U-shaped channel called as a roof ditch which is used as an adherend herein An 
adhesive/sea ant composition 3 of the present invention is applied to the joint A to give a bonded structure 10 For 
better understanding of the present invention, the roof ditch will be further explained. In general, the roof ditch is found 
in a vehicle such as an automobile and in particular a truck. As shown in Fig. 1, the roof ditch is formed in the front 
and back direction of the vehicle by bending the edge of the roof panel 1 and the edge of the side panel 2, overlapping 
both edges and bonding the overlapped portion by welding. Accordingly, the roof ditch has the joint A as a discontinuous 
portion which is covered with the adhesive/sealant composition 3 of the present invention as a sealant on the side of 
the roof channel 12. Since the joint A is covered with the sealant, corrosion of the joint A caused by the entering of 
moisture, dust, and the like, and other undesirable components is prevented. Moreover, for the bonded structure shown 
in Fig. 1 , a coating layer 5 is further applied onto the adhesive/sealant composition 3 

[0039] As explained above, the adhesive/sealant composition of the present invention is molded to have a definite 

tsEsxzEir by irradiation of radia,ion - " may have * necessaf * to achi - — - 

[0040] Furthermore, the molded adhesive/sealant composition becomes molten and flowable in the following step 
to sea the joint. Accordingly, the adhesive/sealant composition can act as a "sealant". That is. when the adhesive/ 
sealant composition is heated while covering the joint, it is softened, and thereby can come in close contact with the 
surface of the discontinuous portion. This process can push out trapped air. Thereafter, the adhesive/sealant compo- 
sition is cured by heating (namely, crosslinking with covalent bond), as practiced, for example, in the coating step of 
automobiles, because the epoxy-containing material has thermosetting properties. Therefore, the adhesive/sealant 
composition does not flow even when it is cooled and reheated in the subsequent steps 

£££n HHT'^ T?' adhesive/sea,ant composition of the present invention can decrease moisture ab- 
sorpbon regardless of whether or not the composition is cured. The adhesive/sealant composition can. therefore pre- 
vent defect formation caused by its behavior as a sealant in the coating step of automobiles where the adhesive/sealant 
composition is melted allowed to flowandcured.Forexample.it can prevent poor appearance of coating, poor sealing 
of the joints and poor bonding. y 

[0042] Furthermore, even when the adhesive/sealant composition of the present invention is used in combination 
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with a liquid sealing composition mainly containing a polyvinyl chloride and a plasticizer (plastisol, hereinafter referred 
to as a "sealer" so that it can be distinguished from the "sealant" of the present invention), the behavior-caused defects 
as mentioned above can be prevented because migration of the plasticizer contained therein to the interface between 
the liquid sealer and the adhesive/sealant composition is suppressed. 

5 [0043] Use of the sealant and sealer, in combination, in the bonded structure can be explained by making reference 
to Figs. 2 and 3 showing an embodiment in which a roof molding for decoration composed of a molded article is attached 
to a roof ditch. Fig. 2 shows a bonded structure which is an embodiment of the present invention different from that in 
Fig. 1 and in which a roof molding 16 is fitted into, for example, a U-shaped clip 15 to be attached to the roof ditch 10. 
For the bonded structure shown in Fig. 2, a joint A of the roof ditch formed from a roof panel 1 and a side panel 2 is 

10 coated with a liquid sealer 4. Further, an adhesive composition (sealant) 3 of the present invention having been molded 
is affixed to the bottom of the clip 1 5. The adhesive/sealant composition 3 is closely contacted with the liquid sealer 4. 
However, for such a bonded structure, defect formation caused by the behavior of the sealant is prevented for reasons 
as explained above. That is, the adhesive/sealant composition can maintain a definite shape over a long period of 
time, or it can hold a substrate such as a roof molding clip high during thermosetting. Note, as the clip material, a plastic 

* 5 material such as polybutylene phthalate or a metal material such as stainless steel can be used herein, for example. 
[0044] Figure 3 is shown for better understanding of the production of the bonded structure illustrated in Fig. 2. Fig. 
3 is a developed illustration of the bonded structure shown in Fig. 2, obtained by dissembling it into the roof molding 
16, the clip 15 and the roof ditch 10. As explained above, the roof ditch 10 having the joint A is formed in the front and 
back direction by overlapping and bonding the roof panel 1 and the side panel 2. The joint A is subsequently coated 

20 with the liquid sealer 4 while the sealer 4 is being flattened with a brush, a knife, or the like. Further, for example, the 
U-shaped clip 15 with the adhesive/sealant composition 3 is placed onto the applied liquid sealer 4 contacting the 
adhesive/sealant composition 3 with the liquid sealer 4. In the automobile industry, a precuring step and a coating step 
are practiced in such a state to realize the sealing of the liquid sealer and the adhesiveness of the adhesive/sealant 
composition. The roof molding 16 is fitted into the clip 15 in the subsequent outfitting step. 

25 [0045] Figure 4 shows one modified embodiment of the bonded structure 1 shown in Figs. 2 and 3 in which the 
sealant and the sealer are used in combination. That is, the adhesive/sealant composition (sealant) 3 is provided onto 
the liquid sealer 4. A roof molding (not shown) is accommodated in the roof channel 12, and attached to the roof ditch 
10 through the clip 15 with the adhesive/sealant composition 3. 

[0046] Figure 5 is a perspective view of still another preferred embodiment of the bonded structure of the present 
30 invention in which the sealant and the sealer are used in combination. The illustrated bonded structure 11 has an 
adherend having a joint A as a discontinuous portion, namely, an adherend prepared by bonding a body panel 1 and 
a body panel 2 through the joint A by welding, and an adhesive/sealant composition (sealant) 3 which seals the joint 
A of the adherend. The joint A is further coated with a plastisol (sealer) 4 containing a plasticizer, and the plastisol 4 
is at least partially overlapped onto the adhesive/sealant composition 3 to seal the joint A. The plastisol 4 and the 
35 adhesive/sealant composition 3 are overlapped each other within a boundary line B. Moreover, a coating layer 5 is 
applied to the surface of the bonded structure 11 . 

EXAMPLES 

40 [0047] The present invention will be further explained with reference to the examples described below. Note that 
these examples are in no way limiting and that the present invention should not be restricted to these examples. 

Example 1 

45 [0048] First, the following vinyl type monomers and polymerization initiator were placed in a transparent jar and mixed: 

(1) 15 parts by weight of n-butyl acrylate (n-BA); 

(2) 85 parts by weight of 2-phenoxyethyl acrylate (2-POEA); and 

(3) 0.04 part by weight of 2,2-dimethoxy-1,2-diphenylethene-1-one, commercially available as "Irgacure™ 651", 
50 (trade name, manufactured by Ciba-Geigy). 

[0049] The jar was then purged with nitrogen. The resultant mixture was subsequently irradiated with UV-rays using 
a UV-light source having a maximum intensity in the UV-region of 300 to 400 nm in wavelength to induce partial po- 
lymerization. The UV-ray irradiation was conducted at an output intensity of 1 .76 mW/cm 2 , and the vinyl type monomers 
55 were partially polymerized until the mixture showed a viscosity of about 3,000 mPa.s. 

[0050] Next, while the partially polymerized products were being continuously stirred, the following components were 
added to give a precursor of an adhesive/sealant composition: 
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(4) 0.1 part by weight of 2,2-dimethoxy-1 ,2-diphenylethene-1-one. commercially available as "Irgacure™ 651"; 

(5) 3 parts by weight of glycidyl methacrylate (GMA); 

(6) 50 parts by weight of thermosetting epoxy-containing material "Epikote 1001", (manufactured by Yuka Schell 
Epoxy K.K.) having an epoxy equivalent of about 500; 

(7) 30 parts by weight of thermosetting epoxy-containing material "Epikote 828" (manufactured by Yuka Schell 
Epoxy K.K.) having an epoxy equivalent of about 190; 

(8) 6 parts by weight of dicyandiamide; 

(9) 2 parts by weight of 2 > 4-diamino-6-[2*-methylimida20lyl-(1 , ))-ethyl-s-triazine (2-MZA); 

(10) 4 parts by weight of fused silica (trade name of "R-972". manufactured by Nihon Aerosol K.K.); 

(11) 4 parts by weight offine hollow glass balls (trade name of "Glass bubbles C 15-250", manufactured by Min- 
nesota Mining & Manufacturing); 

(12) 0.2 part by weight of 3-mercaptopropionic acid (3-MPA); and, 

( 1 3) 0.4 part by weight of polydimethylsiloxane (trade name of "TSF-451 -1 000", manufactured by Toshiba Silicone 
Co., Ltd.). 

[0051] Next, a pair of siiicone-treated polyethylene terephthalate (PET) films having a thickness of 50 urn were pre- 
pared. The precursor of adhesive/sealant composition having been prepared above was sandwiched between the PET 
films, and extended to have a thickness of 1.5 mm. The UV-light sources mentioned above were placed above and 
below the PET films, and the precursor was irradiated with IN-rays through the two PET films, thereby polymerizing 
the vinyl type monomers. The energy intensity of the UV-ray irradiation was 1 ,000 mJ/cm 2 . When the two PET films 
were removed, a sheet-like adhesive/sealant composition having a thickness of 1 .5 mm could be obtained. The adhe- 
sive/sealant composition had tackiness. 

Example 2 

[0052] A sheet-like adhesive/sealant composition was prepared in the same manner as in Example 1 except that 20 
parts by weight of n-butyl acrylate, 70 parts by weight of 2-phenoxyethyl acrylate and 10 parts by weight of isobomyl 
acrylate (IBXA) were used in place of (1) 15 parts by weight of n-butyl acrylate and (2) 85 parts by weight of 2-phe- 
noxyethyl acrylate in Example 1 . 

Example 3 

[0053] A sheet-like adhesive/sealant composition was prepared in the same manner as in Example 1 except that 35 
parts by weight of n-butyl acrylate and 65 parts by weight of benzyl acrylate (BzA) were used in place of (1) 15 parts 
by weight of n-butyl acrylate and (2) 85 parts by weight of 2-phenoxyethyl acrylate in Example 1 . 

Comparative Example 1 

[0054] A sheet-like adhesive/sealant composition was prepared in the same manner as in Example 1 except that 75 
parts by weight of n-butyl acrylate and 25 parts by weight of N, N-dimethylacrylamide (NNDMA) were used in place of 
(1)15 parts by weight of n-butyl acrylate and (2) 85 parts by weight of 2-phenoxyethyl acrylate in Example 1. 

Comparative Example 2 

[0055] A sheet-like adhesive/sealant composition was prepared in the same manner as in Example 1 except that 40 
parts by weight of isooctyl acrylate (IOA) and 60 parts by weight of isobornyl acrylate were used in place of (1) 15 parts 
by weight of n-butyl acrylate and (2) 85 parts by weight of 2-phenoxyethyl, acrylate in Example 1 , and that 35 parts by 
weight of hydrogenated epoxy-containing material (epoxy equivalent of about 190, trade name of "RXE21", manufac- 
tured by Yuka Schell Epoxy K.K.) was used in place of (6) 50 parts by weight of "Epikote 1001" and (7) 30 parts by 
weight of "Epikote 828" in Example 1 . 

[0056] Table 1 shown below lists the compositions of the starting materials in the examples and comparative exam- 
ples. 



Table 1 



Starting Materials 


Example 1 


Example 2 


Example 3 


Comp. Example 1 


Comp. Example 2 


n-BA 


15 


20 


35 


75 
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Table 1 (continued) 





Starting Materials 


Example 1 


Example 2 


Example 3 


Comp. Example 1 


Comp. Example 2 




IOA 










40 


5 


GMA 


3 


3 


3 


3 


3 




NNDMA 








25 






IBXA 




10 






60 




2-POEA 


85 


70 








10 


□en 






fi5 








Irgacure 651 


0.14 


0.14 


0.14 


0.14 


0.14 




Epikote 1001 


50 


50 


50 


50 




15 


Epikote 828 


30 


30 


30 


30 






RXE21 










35 




Dicyandiamide 


6 


6 


6 


6 


6 




2-M2A 


2 


2 


2 


2 


2 


20 


R-972 


4 


4 


4 


4 


4 




C 15-250 


4 


4 


4 


4 


4 




TSF-451-1000 


0.4 


0.4 


0.4 


0.4 


0.4 




3-MPA 


0.2 


0.2 


0.2 


0.2 


0.2 



25 



Example 4 

[0057] The following tests and inspection were carried out on the adhesive/sealant compositions prepared in Exam- 
ples 1 to 3 and Comparative Examples 1 and 2. 

30 

A. Step absorbing (sealing) test 

[0058] First, a flat glass plate of 150 mm long, 25 mm wide and 0.3 mm thick was partially stacked on a cold rolled 
steel plate of 150 mm long, 25 mm wide and 0.8 mm thick using a double-sided pressure-sensitive adhesive tape to 

35 give a test piece. The step where the steel strip fell to the flat glass plate simulated a joint at the bottom of a roof ditch 
of a vehicle. A rectangular sheet of 100 mm long and 20 mm wide was obtained by cutting the sheet of the uncured 
adhesive/sealant composition having been prepared. The rectangular sheet was arranged so that it covered the step 
of the test piece. The test piece was placed in a constant temperature oven, and was heated at 1 20°C for 10 minutes, 
and further heated at 140°C for 40 minutes, followed by cooling the test piece to room temperature. The simulated 

40 joint (represented by the step where the steel strip fell to the flat glass plate) was visually inspected through the flat 
glass plate, whereby simulation test in which the joint was sealed was conducted. The adhesive/sealant composition 
had been melted to flow along the longitudinal direction of the sheet, cover the steel strip and fill the gap between the 
flat glass plate surface and the steel strip surface. The seal was evaluated according to the degree to which the gap 
was filled, in accordance with the following five steps: 

45 

5 excellent (gap being completely filled); 
4 good (gap being approximately completely filled); 
3 fair (gap being filled to an acceptable degree) 
2 poor (gap being incompletely filled); and 
50 1 not good (significant gap remaining). 

[0059] The evaluation results thus obtained are shown below in Table 2. 

B. Melting (melt flowing) test 

55 

[0060] A cold roiled steel plate of 0.8 mm thick, 150 mm long and 65 mm wide having an electrodeposition coating 
of automobile grade (trade name of "E-coating U-600 Black", manufactured by Nippon Paint Co., Ltd.) was prepared. 
A rectangular sheet of 100 mm long and 20 mm wide was obtained by cutting the sheet of uncured adhesive/sealant 
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5 
4 

10 3 
2 
1 



of the adhesive/sealant composition toZZZZSZ iZ „„. temperature, and whetherthe comers of the sheet 



excellent (sheet comers becoming completely round); 
good (sheet comers becoming substantially completely round)- 
fair (sheet corners becoming acceptably round); 
poor (sheet corners becoming insignificantly round); and 
not good (no round sheet corners being observed). ' 



^ [0061] The evaluation results thus obtained are shown below in Table 2. 
C. Visual inspection of coating 

• factured by Nippon Pain, ^ ^TZZZ a^^ T ° f " E -°° a,in9 U - 600 Black " ma ""- 

by cutting thesheet of uncurb ^ZZZZZ^^!?? ° M0 mm ,on 9 and 20 <™ wide was obtained 
then affixed to the cold rolled steel Z l^^^^T^ PWP " ld ^ The rectan 9 ular sheet ™ 
heating it at 120°C for 10 minutes The ^heatina £££ TVT ■ ^ * tem P era,ure followed by 

mobile production line, which Z^llnZX^Z ^ ^^'^ C °W h an auJ 

EsinTarrsr^ r b p r by — • - — 

rectangu.ar sheet in such a state was dSSI ' 1^1? b3k ' ng COat in the automotive industry. The 
The coating thickness of the inteZdTateoS^ 

oven, allowed to coo. to ^n^SS^IS coa Ld ^ I W3S then teken ° ut fr ™ »• 

coat. Such aminoa.kyd ^ZTS^^ 0 ^^ZT^ **" S °"' d 0031 ° n the irA ™«"ale baking 

(a) uniformity of the coat; 

(b) no crawling; 

(c) no orange peel; 

(d) no wrinkle; and 

(e) no blisters. 

expected moisture absorption of the adhesive/sealam cnm^cf* „ ,ns P ec ^"s were conducted because 

consideration. In the former In^^SJlS^^E" "T^" 6 Pr0dUCti ° n " ne was taken int ° 
affixed adhesive/sealant composite toTtand ^ ° T ? ,he adhes.ve/sealant composition due to allowing the 
was expected. In the STSSE,* ^TZ^To^J^ * *° ^ P ' 3te ^ to stand) 

above and the adhesive/sealant common las ^JT^VZZtol* ~~ 35 men,i ° ned 

thus obtained are shown in Table 2. moisture were expected. The results 

D. Adhesion test of coating 



'cross-cut 



is, a lattice 

mm long and 1 mm w.de was formed by shallowly cutting the coating and 
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adhesive/sealant composition with a razor. "Cellotape" (trade name, manufactured by Nichiban K.K.) was then affixed 
to the coating surface, and peeled off at a breath. The adhesion of the coating was evaluated by counting the number 
of remaining squares of the lattice pattern. Table 2 shown below exhibits the number of remaining squares of the lattice 
pattern relative to all the initial squares. The cross-cut adhesion test was also conducted on the same type test substrate 
after immersing it in warm water at 40°C for 250 hours. The evaluation results thus obtained are shown in Table 2. 

E. Plasticizer resistance test 

[0067] The same cold rolled steel plate and sheet-like adhesive/sealant composition as used in the visual inspection 
of coating as explained above were prepared. Moreover, a liquid sealer of vinyl chloride plastisol was prepared by 
mixing 20 parts by weight of a resin for polyvinyl chloride paste (trade name of n G121 M , manufactured by Nippon Zeon 
Co., Ltd.), 20 parts by weight of a resin for a vinyl chloride blend (trade name of "G103ZX", manufactured by Nippon 
Zeon Co., Ltd.), 30 parts by weight of a plasticizer (trade name of "Sansocizer OOP", manufactured by Shinnihon Rika 
K.K.) containing di(2-ethylhexyl) phthalate and 45 parts by weight of a filler composed of calcium carbonate. 
[0068] Next, the adhesive/sealant composition was affixed to the cold rolled steel plate, and the liquid sealer was 
applied to the adhesive/sealant composition. The liquid sealer had a coating thickness of 0.5 mm in the lap portion 
where the liquid sealer overlapped onto the adhesive/sealant composition and 2 mm in the portion other than the lap 
portion mentioned above. 

[0069] The adhesive/sealant composition in such a state was placed in an oven, heated at 120°C for 10 minutes to 
be procured, and subsequently heated at 1 40°C for 60 minutes. The adhesive/sealant composition was then allowed 
to cool to room temperature in the oven over 24 hours, and it was further held at 80°C for 250 hours in the oven to 
make heat aging. The adhesive/sealant composition was then cooled to room temperature, and visually inspected. 
The visual inspection was conducted at the interface between the adhesive/sealant composition and the liquid sealer. 
In particular, the presence or absence of poor adhesion at the interface, delamination and cracks at the interface edge 
was confirmed, and judged in accordance with the following five steps: 

5 excellent (complete interfacial state); 

4 good (approximately complete interfacial state); 

3 fair (acceptable interfacial state); 

2 poor (poor adhesion and cracks being present); and 

1 not good (significantly poor adhesion and cracks being present). 

[0070] The results thus obtained are shown below in Table 2. 



Table 2 



Evaluation Item 


Example 1 


Example 2 


Example 3 


Comp. Example 1 


Comp. Example 2 


Step absorbing 


5 


5 


5 


5 


5 


(sealing) 












Melting 


5 


5 


5 


5 


5 


(melt flowing) 












Visual inspection of coating 












initial 


5 


5 


5 


5 


5 


moisture absorption 1 * 


5 


5 


5 


2 


.*** 


moisture absorption 2** 


5 


5 


5 


1 


-*** 


Adhesion test of coating 












(cross-cut adhesion 












test) 


25/25 


25/25 


25/25 


25/25 


0/25 


initial 












after immersion in 


25/25 


25/25 


25/25 


25/25 


0/25 


warm water 












Plasticizer resistance test 













Note: *: moisture absorption of the adhesive/sealant composition (being allowed to stand as sol) 
": moisture absorption of the adhesive/sealant composition (after procuring) 
no coating is formed 
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Table 2 (continued) 



Evaluation Item 


Example 1 


Example 2 


Example 3 


Comp. Example 1 


Comp. Example 2 


lap portion with PVC 
sealer 


5 


5 


5 


1 


1 



[0071] It is understood from the evaluation results listed in Table 2 that the adhesive/sealant compositions in Exam- 
ples 1 to 3 all satisfy the tests and inspections mentioned above. In contrast, it is understood that neither of the adhesive/ 
sealant compositions in Comparative Examples 1 nor 2 satisfy them. Accordingly. It Is understood that the adhesive/ 
io sealant composition according to the present invention protects against deterioration caused by the migration of the 
plasticizer to the interface while decreasing its moisture absorption and thus, sealing a discontinuous portion effectively, 
and that the adhesive/sealant composition can provide a desired appearance by the additional use of a coating. 

Example 5 

[0072] In the present example, the following vinyl type monomers and polymerization initiator were placed in the 
transparent jar mentioned above and mixed: 

(1) 80 parts by weight of 2-phenoxyethyl acrylate; 
20 (2) 20 parts by weight of benzyl acrylate; and 

(3) 0.04 part by weight of 2,2-dimethoxy-1,2-diphenylethene-1-one, commercially available as "Irgacure™ 651" 
(manufactured by Ciba-Geigy). 

The jar was then purged with nitrogen. The resultant mixture was subsequently irradiated with UV-rays using the 
same UV-light sources as explained in Example 1 to effect partial polymerization of the vinyl type monomers. Such 
25 U V-ray irradiation was conducted at an output intensity of 1 .76 mW/cm 2 , and the vinyl type monomers were partially 

polymerized until the mixture showed a viscosity of about 3,000 mPa.s. 

Next, while the mixture was being continuously stirred, the following components were added to give a pre- 
cursor of an adhesive/sealant composition: 

(4) 0.1 part by weight of 2,2-dimethoxy-1 ,2-diphenylethene-1-one, commercially available as "Irgacure™ 651"; 
30 (5) 0.05 part by weight of 1 ,6-hexanediol diacrylate (HDDA); 

(6) 25 parts by weight of thermosetting epoxy-containing material "Epikote 1001", having an epoxy equivalent of 
about 500; 

(7) 45 parts by weight of thermosetting epoxy-containing material "Epikote 828", having an epoxy equivalent of 
about 190; 

35 (8) 7 parts by weight of dicyandiamide; 

(9) 1 .2 parts by weight of 2-MZA (manufactured by Shikoku Corporation); and 

(10) 8 parts by weight of fused silica (trade name of "R-972", manufactured by Nihon Aerosol K.K.). 

[0073] Next, a pair of silicone-treated polyethylene terephthalate (PET) films having a thickness of 50 \im were pre- 
40 pared. The precursor of adhesive/sealant composition having been prepared above was sandwiched between the PET 
films, and extended to have a thickness of 1.2 mm. The UV-light sources mentioned above were placed above and 
below the PET films, and the precursor was irradiated with UV-rays through the two PET films, thereby polymerizing 
the vinyl type monomers. The energy intensity of the UV-ray irradiation was 1.000 mJ/cm 2 . When the two PET films 
were removed, the adhesive/sealant composition having a thickness of 1.2 mm could be obtained. 

45 

Example 6 

[0074] An adhesive/sealant composition was prepared in the same manner as in Example 5 except that 94 parts by 
weight of 2-phenoxyethyl acrylate and 6 parts by weight of isobornyl acrylate were used in place of (1) 80 parts by 
so weight of 2-phenoxyethyl acrylate and (2) 20 parts by weight of benzyl acrylate in Example 5. 

Example 7 

[0075] An adhesive/sealant composition was prepared in the same manner as in Example 5 except that 6 parts by 
55 weight of 2-ethylhexyl acrylate. 75 parts by weight of 2-phenoxyethyl acrylate, 15 parts by weight of benzyl acrylate. 
4 parts by weight of isobornyl acrylate and 50 parts by weight of "Epikote 828" were used in place of (1) 80 parts by 
weight of 2-phenoxyethyl acrylate. (2) 20 parts by weight of benzyl acrylate and (7) 45 parts by weight of Epikote 828. 
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Comparative Example 3 

[0076] An adhesive/sealant composition was prepared in the same manner as in Example 5 except that 71 parts by 
weight of n-butyl acrylate and 29 parts by weight of N-vinylcaprolactam (NVC) were used in place of (1) 80 parts by 
weight of 2-phenoxyethyl acrylate and (2) 20 parts by weight of benzyl acrylate in Example 5. 

Comparative Example 4 

[0077] An adhesive/sealant composition was prepared in the same manner as in Example 5 except that 64 parts by 
weight of butyl acrylate and 36 parts by weight of isobornyl acrylate were used in place of (1) 80 parts by weight of 
2-phenoxyethyl . acrylate and (2) 20 parts by weight of benzyl acrylate in Example 5. 

[0078] Table 3 shown below lists the compositions of the starting materials in each of the examples and comparative 
examples. 



Table 3 



Starting Materials 


Example 5 


Example 6 


Example 7 


Comp. Example 3 


Comp. Example 4 


n-BA 








71.0 


64.0 


2-EHA 






6.0 






2-POEA 


80.0 


94.0 


75.0 






BzA 


20.0 




15.0 






IBXA 




6.0 


4.0 




36.0 


NVC 








29.0 




IRGACURE 


0.14 


0.14 


0.14 


0.14 


0.14 


651 












HDDA 


0.05 


0.05 


0.05 


0.05 


0.05 


Epikote 1001 


25.0 


25.0 


25.0 


25.0 


25.0 


Epikote 828 


45.0 


45.0 


50.0 


45.0 


45.0 


Dicyandiamide 


7.0 


7.0 


7.0 


7.0 


7.0 


2-M2A 


1.2 


1.2 


1.2 


1.2 


1.2 


R-972 


8.0 


8.0 


8.0 


8.0 


8.0 



Example 8 

[0079] The following tests were conducted on the adhesive/sealant compositions prepared in Examples 5 to 7 and 
Comparative Examples 3 and 4, which were each used in combination with the liquid sealer of vinyl chloride sol men- 
tioned above. 

A. Bonding test on sealer 

[0080] As shown in Fig. 6, a polybutylene terephthalate (PBT) resin commercially available as Torafan" (trade name, 
manufactured by Toray Industries Inc.) was injection molded to give a molded article 30 having a length (€) of 20 mm, 
a width (w) of 10 mm and a height (h) of 5 mm. A through hole 31 of 2 mm in diameter was formed which was 4 mm 
from one end of the side surface in the longitudinal direction of the molded article. A rectangular sheet 23 having a 
length of 20 mm and a width of 9 mm was obtained by cutting the sheet of an adhesive/sealant composition. The 
rectangular sheet 23 was affixed to the bottom of the molded article 30, and contact bonded with a roller having a 
weight of 2 kg. 

[0081] As shown in Fig. 7, a cold rolled steel plate 20 of 75 mm long, 25 mm wide and 0.8 mm thick having an 
electrodeposition coating of automobile grade was prepared. A liquid sealer 24 of the vinyl chloride plastisol having 
been prepared above was applied to one surface of the cold rolled plate to have a film thickness of 0.5 mm. 
[0082] The molded article 30 was then placed on the cold rolled steel plate 20 through the liquid sealer 24 and the 
rectangular sheet 23 of the adhesive/sealant composition, and a load of 1 kg was applied to the molded article 30 for 
1 sec to give a first test precursor. The first test precursor was placed in a constant temperature oven, heated at 110°C 



13 



EP 1 187 888 B1 



?o 1 I?„Ti UteS, H an i ? a "T d t0 C00 ' t0 r °° m tem P erature - The Precursor was subsequently heated at 130°C over 
?L*T • andallowedto 0001 toroomtem Perature again to give a first specimen. 

TH A ," eCOnd .? e nT n W3S Prep3red in ,he same manner as in ,he Preparation of the first specimen as explained 

H J ^^h 8 " 0 "" 1 Fi9 ' 7 A SWn9 (referred ,0 33 3 d0tted line) was passed throu 9" «» through hole 31 of the 
first or he second spec.men. and the specimen was subjected to a tensile test in the direction of the arrow usino a 

deteirr,;: 3 - ft e ?z ^r azu corporation (Kyot °- japan) ^ *• trade ««• <E2S£3TiS?; 

roMin Th ? ° ^ ,en sile test was carried out at a stretching rate of 300 mm/min 
fw? , 1! W3S alS ° C3rried ° Ut 00 lhe first and second specimens after heat aging of the specimens 

II tJlrl T n 6 J ^ ec0 , nd h sp t CimenS W6re p,aced in a tem Perature oven adjusted to 30«C analog T and 

jeft there for 10 days to be heat aged. The test results thus obtained are shown along with the destruction mode in 

B- Holding power test on sealer 

EIh^Tk in F !?' 8 ' 3 Wei9W G ° f 2 k9 Was applied to «*• mowed article of the first or second specimen 
£2 ■ , , T 9h 3 Strm9 (referred t0 33 3 d0tted line ). and the holding power of the rectangular sheet M of 
the adhes-ve/sealant composition was evaluated. The specimens were also evaluated after heat aging The hi agino 
St;::; 8 S3me 38 in the ^-described bonding test on sealer. The test results ftuSSE are sh w 



Table 4 



Evaluation 
Item 


Specimen 


Ex.5 


I Ex. 6 


Ex.7 


Comp. Ex. 3 


Comp. Ex. 4 


Bonding test 
on 


First 


145 


120 


152 


178 


135 


VC sealer 
(unit: N) 




MAD 


MAD 


MAD 


MAD 


VC/AC-D 


without 














heat 














aging 


Second 


125 VC/ 
AC-D 


120 ACD 


135 MAD 


145 VC/AC-D 


101 VC/AC-D 


Bonding test 
on VC sealer 


First 


135 MAD 


130 MAD 


84 MAD 


178 VC/AC-D 


55 VC/AC-D 


(unit: N) 














with 














heat aging 














30°C, 
80%RH, 


Second 


110 


135 


125 


87 


85 


after 10 

days 




VC/AC-D 


VC/AC-D 


VC/AC-D 


VC/AC-D 


VC/AC-D 


Holding 
power test on 


First 


held >1 day 


held >1 day 


Held > 1 day 


held >1 day 


<1 day 


VC sealer 














(unit: day) 














Without 
heat I 

Note: VC vinyl chloric 










~ i 


dropped 



MAD destruction of the molded article 

VC/AC-0 destruction of the vinyl chloride sealer/adhesive composition interface 
ACD destruction of the adhesive/sealant composition sheet 
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Table 4 (continued) 



Evaluation 


Specimen 


Ex. 5 


Ex. 6 


Ex. 7 


Comp. Ex. 3 


Comp. Ex. 4 


Item 














aging 


Second 


held >1 day 


held >1 day 


held £1 day 


held £1 day 


directly after 










test 


Holding 


First 


held £1 day 


held >1 day 


Held >1 day 


<1 day 


dropped 


power test on 












directly after 


VC sealer 












test 


(unit: day) 














with 














heat aging 














30°C, 


— Second 


— held *1 


— held >1 


— held >1 


— <1 day 


dropped 


80%RH, after 




day 


day 


day 




directly after 


10 days 












test 



Note: VC vinyl chloride 



[0087] It is understood from the test results in Table 4 that the adhesive/sealant compositions of Examples 5 to 7 
maintained high bondability onto the sealer in the bonding test regardless of whether or not heat aging is conducted. 
On the other hand, it is seen that the adhesive/sealant compositions in Comparative Examples 3 and 4 markedly lower 
their strength after heat aging. 

[0088] Furthermore, it is understood that in the holding power test of the adhesive/sealant composition onto the 
sealer, the adhesive/sealant compositions of Examples 5 to 7 hold the weight (2 kg) for at least one day regardless of 
whether or not heat aging is conducted. In contrast, it is seen that the adhesive/sealant compositions in the comparative 
examples cannot hold the weight for at least one day except the one prior to heat aging in Comparative Example 3. In 
particular, the holding power of the adhesive/sealant composition in Comparative Example 4 is low both prior to and 
subsequent to heat aging, and the molded article drops simultaneously with the application of the weight. 
[0089] It is understood from the above facts that the adhesive/sealant compositions of Examples 5 to 7 according 
to the present invention have excellent bondability and holding power with the liquid sealer as mentioned above. 
[0090] Various modifications and alterations to this invention will become apparent to those skilled in the art without 
departing from the scope and spirit of this invention. It should be understood that this invention is not intended to be 
unduly limited by the illustrative embodiments and examples set forth herein and that such examples and embodiments 
are presented by way of example only with the scope of the invention intended to be limited only by the claims as set 
forth herein as follows. 



Claims 

1. A bonded structure having an adherend having a discontinuous portion, and an adhesive/sealant composition 
which seals the discontinuous portion of the adherend, in which 

the adhesive/sealant composition comprises: 

a radiation-polymerizable vinyl material containing from 50 to 100 % by weight of said material of a vinyl type 

monomer capable of exhibiting a solubility parameter determined according to the R.R Fedor technique of 10 

to 12 (cal/cm 3 ) 0 * 5 when the vinyl type monomer is polymerized to a homopolymer, 

a polymerization initiator for radiation polymerization of the vinyl material, 

a thermosetting epoxy-containing material, and 

a heat-activatable hardener for the epoxy-containing material. 

2. The bonded structure according claim 1 , wherein a plasticizer-containing plastisol is further applied to the discon- 
tinuous portion, and the plastisol is at least partially overlapped onto the adhesive/sealant composition to seal the 
discontinuous portion. 



Patentansp ruche 

1. Verbundstruktur mit einem angeklebten Teil, das einen diskontinuierlichen Abschnitt und eine Haft/Dichtungsmit- 
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telzusammensetzung, die den diskontinuierlichen Abschnitt des angeklebten Teils abdichtet. aufweist wobei 
die Haft-/Dichtungsmitte!zusammensetzung Folgendes umfasst: 

ein durch Strahlung polymerisierbares Vinylmaterial, das 50 bis 100 Gew.-% des Materials eines Monomers 
vom Vinyltyp enthalt, das in der Lage ist, einen gemafi dem R.F.-Fedor-Verfahren bestimmten Loslichkeits- 
parameter von 10 bis 12 (cal/cm 3 ) 0 - 5 vorzuweisen, wenn das Monomer vom Vinyltyp zu einem Homopolymer 
polymerisiert ist, 

einen Polymerisierungsinitiator zur Strahlungspolymerisation des Vinylmaterials, 

ein warmeaushartendes epoxidhaltiges Material, und einen warmeaktivierbaren Harter fur das epoxidhaltige 
Material. 

2. Verbundstruktur nach Anspruch 1, wobei ferner ein Plastisol, das Weichmacher enthalt, auf. den diskontinuierli- 
chen Abschnitt aufgetragen wird und das Plastisol wenigstens teilweise auf die Haft/Dichtungsmittelzusammen- 
setzung uberlappt wird, urn den diskontinuierlichen Abschnitt abzudichten. 



Revendications 

1. Structure collee comportant un substrat possedant une partie discontinue, et une composition d'adhesif/ produit 
d'etancheite qui calfeutre la partie discontinue du substrat, dans laquelle la composition d'adhesif/produit d'etan- 
cheite comprend : 

un materiau vinylique polymerisable par un rayonnement contenant de 50 a 100% en poids dudit materiau 
d'un monomere vinylique capable de presenter un parametre de solubilite, determine selon la technique de 
R. F. Fedor, de 10 a 12 (cal/cm 3 ) 0 - 5 lorsque le monomere vinylique est polymerise en homopolymere, 
un initiateur de polymerisation pour effectuer la polymerisation par un rayonnement du materiau vinylique, 
un materiau contenant un epoxy thermodurcissable, et 

un durcisseur pouvant etre active a la chaleur pour le materiau contenant un epoxy. 

2. Structure collee selon la revendication 1, dans laquelle un plastisol contenant un plastifiant est en outre applique 
sur la partie discontinue, et le plastisol vient au moins partiellement chevaucher la composition d'adhesif/produit 
d'etancheite pour calfeutrer la partie discontinue. 
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Fig. 6 
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Fig. 7 
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